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(54) Optical imaging system 

(57) A high performance optical imaging system can 
be provided by minimizing the overlapping degree m, 
increasing the quantity of light of the rod lens array 2 
and improving the resolving power while taking into ac- 
count the irregularity of the quantity of light when a dis- 
location between a sensor and an optical axis of an en- 
tire rod lens array 2 occurs. In the optical imaging sys- 
tem, a plurality of rod lenses 1 with a refractive index 
distribution in the radial direction are arranged in two 
rows in a rod lens array 2 with their optical axes in par- 
allel to each other. This optical imaging system focuses 
light from a manuscript plane 3 onto an image plane 4, 



the planes being arranged on the two sides of the rod 
lens array 2. The overlapping degree m defined as the 
following equation (Eq. 10) is in a range of 0.91 ^ m ^ 
1.01: 



(Eq.lO) 



m = Xo/2R 



wherein Xq denotes an image radius that the rod lenses 
1 project onto the image plane and 2R denotes a dis- 
tance between the optical axes of neighboring rod lens- 
es. 
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Description 

rOOOn The present invention relates to an optical Imaging system used in an image transmission portion of an optical 
E foTexampTe a facsimile device, a copier, a printer, a scanner, or the like. More particulaHy. the Prese-Jt .nvent^n 
riltes to Ln optlLl imaging system including a rod lens array, in which a plurality of rod lens^ 

pooS in an'Scal device'for example, a facsimile device, a copier, a printer, a scanner, or the l.ke, to read out 
nformation on a manuscript plane by converting the infomnation into an electrical signal, vanous kinds of scanning 
dSs Te used Sne fo,^ of the scanning device is a contact type devfce. This contact type -canning devK^e is 
foTmed by incorporating various parts including a lightening system, a rod lens array that » a '^^ "J 

de^ce a sensor a cover glass (a transparent substrate), and the like. Into one frame. In general, a manuscnpt is 
S't n o vTthe surfice of the cover glass and illuminated by the lighting JV^'^^,^^;^ 

scriDt is imaaed on the censor by the rod lens array and converted into an electnc signal. Herein, the rod lens array is 
a ^nl "o"ne op^^^^^^^ syLm in which a plurality of rod lenses having a refractive index distribution .n a radial 

HJr^»<-tinn arp arranaed in one row or two rows (see Fig. 2). 

rn^lr rexTmpTe o"a lens material used for a rod lens array includes glass, synthetic resin, orthe like. A glass 
ens having a refractive index distribution is produced, for example, by an Ion exchange method^ 
00041 A single rod lens fomis a one-to-one image within the range of a circle having a radius Xo («f °^^'«^>. I^^^ 
Suant ty of llgh?is at the maximum on the optical axis and decreases with greater distance from t^^« °P f 1^;^^^^^^ ^ . 
?ore he distribution of the quantity of light In the longitudinal direction of a rod lens array has 'f^«9"f"tyj«ith the period 
correspoSng to the distance beLeen lenses. The magnitude of the irregularity of the quantity of light is defined as^ 
TooTaxlu J. quantity of light ) - (minimum quantity of light ) } / (minimum quantity of light ) %. and detem^ined by 
the overiapping degree m expressed by the following equation (Eq. 3): 

(Eq. 3) m = Xo/2R 
wherein 2R denotes the distance between the optical axes of neighboring rod lenses. 

roOOS 15 Shows a relationship between the overlapping degree m and the irregularity o, the quant,^ of ligh^^^ 

whteh are calculated by the below mentioned equation of the distribution of the quantity of light (Eq. 9). .n a rod lens 
arrLy in wh"h a p urali^ of rod lenses are arranged In two rows . Fig. 15 shows the case of so^alled ""near scanning 
SoS- usmg a very narrow range of light on the central axis of the image plane (see Fig. 2). As shown in Fig. 1 5 the 
SulX oX qul^^^^^ of light?ends to decrease as the overlapping degree m Is Increased. However, the irregulanty 
does noT22 ease monotonically For example, at the points of m= 0.91 ,1.13,1 .37. 1 .61 . 1 .85 ... . the in-egulanty of 
fhe quantroTEwr^^^^^ on local minimum values. Since the irregularity of the quantity of light on the sensor should 
be as smaJ as possible, when « Is necessary particularly to minimize the irregularity of the quantity of light, the od 
fens arrTy designed so that the overlapping degree m is approximate to the above-mentioned valu^s^Howev^^^^^^^^^ 
rrqularity of the quantity of light shown In Fig.1 5 is the value when the sensor is arranged exactly on the central axis 
of tSe Triage pLe. Therefore in actual mass-produced scanning devices, it is Inevitable that a dislocation between 
tl^e sensor and the optteal axis of an entire rod lens array occurs to some extent due to errors in dimensions of com- 
Donente or e^roretn assembling components. The dislocation of the sensor is defined as AX in Fig. 9^Accordingly. it 
fs suqTeste™ L device is designed so that the overlapping degree m is shifted somewhat from the above-men- 
^nef local^^^^^^^^^ values, in orde'rto allow the irregularity of the quantity of light to fall v.tf.n th-a^^^J - -^^^^^ 
than a certain level even If the dislocation of the sensor occurs to some extent (JP 11(1999)-14803A. JP11(1999) 

poo°6T^n general, even In the case of a rod lens array using rod lenses having the same Jif^^^^';^^,^f ^^^^ 
the overiapping degree m becomes smaller, the brightness of the image plane is enhanced, and the resolution power 
stncreaseS. Rg. 16 shows the relationship between the overiapping degree m and average bnghtness the «ase 
of a linear scanning) in a rod lens array in which a plurality of the same rod lenses are arranged «" Yris " s " 
rows, in Fig. 16. the brightness of the rod lens array Is defined to be 1 00 when the overiapping degree m is 1 .50 and 
50 the rod lenses are arranged in two rows in the rod lens array. Thi.« 
[00071 However, as the overiapping degree m is smaller, the irregulanty of the quantity of light » increased Thus 
n a pLtical rod lens array, the overlapping degree m is 1 .3 or more in the case of a rod 'ens -ray in wf.ch the rod 
lenses are arranged in two rows. For example, the lower limit of the overiapping degree m is set to be 1 .36 in the rod 
lens array in which the rod lenses are arranged in two rows by Nippon Sheet Glass Co LtC^^According to a disclosure 
55 Of JP1 1 (1 999)-14803A. the desirable overiapping degree m is set to be in the range of 1 .46 S m = 

100081 Recently, to provide high speed for a facsimile device, a scanner, or the like, a brighter rod lens array has 

[0009] ^t^s'Tn object of the present invention to provide a high performance optical imaging system by minimizing 
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the overlapping degree m, increasing the quantity of light of the rod lens array and improving the resolving power while 
taking into account the Irregularity of the quantity of light when a dislocation between a sensor and an optical axis of 
an entire rod lens array occurs. 

[0010] In order to achieve the above-mentioned object, the configuration of the optical imaging system for focusing 
5 light from a manuscript plane onto an image plane according to the present Invention includes a rod lens array having 
a plurality of rod lenses with a refractive index distribution in a radial direction that are arranged in two rows so that 
their optical axes are in parallel to each other.. An overlapping degree m expressed by the following equation (Eq. 4) 
Is In a range of 0.91 ^ m ^ 1 .01 ; 

(Eq.4) m=Xo/2R 

wherein 2R denotes a distance between the optical axes of neighboring rod lenses and Xg denotes an image radius 
that the rod lenses project onto the image plane. 
IS [0011] According to such a configuration of the optical imaging system, it is possible to obtain a high performance 
optical imaging system in which a quantity of tight is increased and the resolution power is improved. 
[0012] Furthermore, in the configuration of the optical imaging system of the present Invention, it is preferable that 
the overiapping degree m is in the range of 0.93 ^ m ^ 0.97. 

[0013] Furthermore, in the configuration of the optical imaging system of the present invention, it is preferable that 

20 R is in the range of 0.05 mm ^ R ^ 0.60 mm. When R is less than 0.05 mm, production of the rod lens array becomes 
difficult from the practical viewpoint (for example, handling becomes extremely difficult). When R is more than 0.60 
mm, the entire rod lens array becomes large, it is difficult to downsize the entire optical imaging system. 
[0014] Furthermore, in the configuration of the optical imaging system of the present invention* it is preferable that 
a radius rQ of a portion functioning as a lens of the rod lenses is in the range of 0.508 ^ tq ^ 1 .OR. When rg is less 

25 than 0.50R, the brightness of the image is remarkably reduced. Therefore, it is needless to say that the maximum Tq 
is equal to R. ....... 

[0015] Furthermore, in the configuration of the optical imaging system of the present invention, it is preferable that 
a shading mask having an approximately rectangular shaped opening portion opening along the longitudinal direction 
of the rod lens array is arranged on at least one side of the rod lens array. According to such a preferable configuration. 

30 it is possible to reduce the irregularity of the quantity of light. Furthenmoro, in this case, it is preferable that the opening 
portion of the shading mask is symmetric to the central axis in the longitudinal direction of the lens surface of the rod 
lens array. Furthemnore, it is preferable that a half width W of the opening portion of the shading mask is in the range 
of (V 3 /2) R 4- 0.1 ro ^ W ^ (V 3 / 2) R + 0.6 ro, wherein ro denotes a radius of a portion functioning as a lens of the 
rod lenses. When the half width W of the opening portion of the shading mask is less than (V 3 / 2) R + 0.1 rg, the 

35 quantity of light is much lowered. When the half width W is more than (V 3/2) R + 0.6 Tq, no significant improvement of 
the irregularity of the quantity of light is realized. 

[0016] Furthermore, in the configuration of the optical imaging system of the present invention, It is preferable that 
the refractive index distribution of the rod lenses is expressed by the following equation (Eq. 5); 

40 9 O 9 A ft 

(Eq. 5) n(r)^ = n^^ • {1 - (9 • rf + h4 • (g • rf + hg • (9 • rf^ hg • (g • r)^+...) 

wherein r denotes a radial distance from an optical axis of the rod lenses, t\q denotes a refractive index at the optical 
axis of the rod lenses, and g, h4, hg and hg denote coefficients of the refractive index distribution. Furthermore, in this 

45 case, it Is preferable that the refractive index nQ at the optical axis of the rod lenses is in the range of 1 .4 ^ ng ^ 1 .8. 
Furthermore, in this case, il is preferable thai a product ng • g • rQ is in the range of 0.05 = ng • g • Tq ^ 0.50, wherein 
rQ denotes a radius of a portion functioning as a lens of the rod lenses. According to such a preferable configuration, 
it is easy to produce rod lenses. Furthermore, in this case, it is preferable that Zq / P is in the range of 0.5 < Zq / P < 
1 .0, wherein Zq denotes a length of the rod lens and P = 2 7c/g denotes a one-pitch length of the rod lenses. According 

so to such a preferable configuration, an erected image can be obtained. 

[0017] Furthermore, in the configuration of the optical imaging system of the present invention, it is preferable that 
a parallel plane transparent substrate is arranged so that the manuscript plane is positioned at a front focal position of 
the rod lens array. According to such a preferable configuration, the manuscript plane can be set at the front focal 
position just by pressing the manuscript to the surface of the transparent substrate. In this case, It is preferable that 

55 the parallel plane transparent substrate is in contact with the lens surface of the rod lens array. This easily can be 
realized by adjusting the thickness of the transparent substrate. According to such a preferable configuration, the 
adjustment of the distance between the rod lens array and the front focal position can be simplified, which makes the 
assembly of the optical imaging system cheaper. 
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[001 8] Fig. 1 is a perspective view shovtrtng a rod lens used in an optical imaging system according to the present 

rO019i°"Fiq 2 is a perspective view showing an optical imaging system according to the present invention. 

[0020] Fig. 3 is a graph showing a refractive index distribution cuive of the rod lenses used In the optical imaging 

svstem accordlnq to the present invention. 

[0021] Fig. 4 is a schematic drawing to illustrate the image-fomiation with a rod lens used in the optical imaging 

svstem accordinq the present invention. .... 
[0022] Fig. 5 is a schematic drawing of an Image composition by a plurality of rod lenses used In the optical imaging 

lis %°'6 if a glTpElhowiigTSlonship between an Irregularity of the quantity of light and an overlapping 
degree when a dislocation between a sensor and an optical axis of an entire rod lens array occurs in the optical imaging 
svstem according to the present invention. 

[0024] Fig. 7 Is a cross sectional view showing an optical imaging system provided with a parallel plane transparent 

[oSsWig 8 is a graph showing a relationships between an Irregularity of the quantity of light and a dislocation 
between a sensor and an optical axis of an entire rod lens array in various Examples 1 to 5 according to the present 

tSr%ig. 9 Is a diagram to explain the amount of a dislocation AX of a sensor in the op 

[oS^''' Rg" 10 tea plan view showing a rod lens array in a second embodiment according to the present invention. 

[0028 Fig 11IS a graph showing an irregularity of the quantity of light in Examples 6 and 7 and Comparative Example 

3 in the second embodiment according to the present invention (in the case where no dislocation occurs). 

[00291 Fig. 12 is a graph showing an irregularity of the quantity of light in Examples 6 and 7 and Comparative Example 

3 in the second embodiment according to the present invention (in the case where dislocation occurs). 

[0030] Fig 1 3 is a graph showing an irregularity of the quantity of light In Examples 8 and 9 and Comparative Example 

3 in the second embodiment according to the present invention (in the case where no dislocation occurs). 

[0031] Fig 14 is a graph showing an in-egularity of the quantity of light in Examples 8 and 9 and Comparative Example 

3 in the second embodiment according to the present invention (in the case where dislocation occurs). 

[0032] Fig. 15 is a graph showing a relationship between the overlapping degree m and the in-egulanty of the quantity 

of liaht amount in a rod lens an-ay In which rod lenses are an-anged in two rows. 

[0033] Fig. 1 6 is a graph showing a relationship between the overiapping degree m and the brightness in a rod lens 
(0W4] The following Is a more detailed description of the embodiments of the present Invention. 
(First Embodiment) 

[0035] in this embodiment, as is shown in Figs. 1 and 2. a plurality of columnar rod lenses 1 with a refractive ind^^^^ 
distribution in the radial direction are arranged in two rows in a rod lens array 2 for one-to-one imaging with their optical 
axes 1a in parallel to each other. This optical imaging system focuses light from a manuscript plane 3 onto an image 
□lane 4 the planes being arranged on the two sides of the rod lens array 2. ^. . -rt, 

[0036] ' As Is shown in Fig. 3. the refractive Index n of the rod lenses 1 has a distribution in the radial direction. The 
refractive index distribution Is expressed by the following equation (Eq. 6); 

(Eq. 6) n(r)^ = no^ • {1 - (g • rf + h4 • (g • r)* + hg • (g • r)^+ hg • (g • 0®+ . } 

wherein r Is a radial distance from an optical axis 1 a of the rod lenses 1 . n(r) is the refractive index at the radial distaince 
r from the optical axis 1a of the rod lens 1 . is the refractive index at the optical axis la of the rod lenses 1 (central 
refractive index), and g. h^, hg and hg are coefficients of the refractive index distribution. 

[0037] To attain erected images as shown in Fig. 4, the ratio Zo / P has to be in the range of 0.5 < 2o/ P< 1 -0, wherein 
Z„ denotes a length of the rod lenses 1 and P = 2 tu /g denotes a one-pitch length of the rod lenses 1 . 
ro0381 The distance Lo between the edge (lens surface) of the rod lens array 2 and the manuscript plane 3 and the 
distance Lo between the edge (lens surface) of the rod lens array 2 and the Image plane 4 (see Fig. 2) are expressed 
by the following equation (Eq. 7); 



(Eq.7) Lo = -{1 /(no»g)}»tan(Zoit/P). 
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[0039] It is desirable that R Is in a range of 0.05 mm ^ R ^ 0.60 mm, wherein 2R denotes the distance between the 
optical axes of neighboring rod lenses 1 . 

[0040] Furthermore, It Is desirable that the radius ro of the effective lens portion of the rod lenses 1 , that is, the radius 

ro of the portion functioning as a lens, Is in a range of 0.50R ^ ro ^ 1 OR. 
5 [0041] When the neighboring rod lenses 1 are in contact with each other and the radius Tq of the portion functioning 

as a lens is equal to the radius of the lens, Vq is equal to R. However, due to the assembly process of the rod lens array, 

rod lenses 1 are arranged somewhat separated from each other, or in order to shade at the periphery portion of the 

rod tenses 1 having a bad refractive Index distribution, the periphery portion of the rod lenses 1 are made to be opaque. 

In this case, r^ is not equal to R. 
10 [0042] When R is less than 0.05 mm. production of the rod lens an^ay 2 becomes difficult from the practical viewpoint 

(for example, handling becomes extremely difficult). When R is more than 0.60 mm, the entire rod lens array 2 becomes 

large, it Is difficult to downsize the entire optical imaging system. 

[0043] Furthennore, when ro is less than 0.50R, the brightness of the image is remarkably reduced. Therefore, it Is 
needless to say that the maximum ro is equal to R. 
15 [0044] The brightness of the rod lenses 1 depends on the aperture angle 6 = no * g * ro (rad), which is an angle 
indicating the range over which the lenses can accept light. As the aperture angle 6 is larger, a brighter image can be 
obtained. 

[0045] In order to use the rod lenses 1 for the one-to-one optical imaging system, it is desirable that the aperture 
angle G is 0.05 or more. Furthermore, the rod lenses 1 having the aperture angle 6 of more than 0.05 are difficult to 
20 produce, since the content of the component (for example, TI2O, Li20, etc. for glass lens) for forming the refractive 
index distribution is limited. Therefore, it is desirable that the aperture angle 6 = no * g * ro is in the range of 0.05 ^no 
• g • To ^ 0-50 

[0046] It is desirable that the refractive index Hq at the optical axis 1 a of the rod lenses 1 (central refractive Index) Is 
large because the aperture angle 6 is increased when the refractive index no is larger. For example, in the case of a 

25 glass lens, a large amount of univalent cation Ic components is contained, the realizable value of no is In the range of 
1.4^ no ^1.8. . . . ... 

[0047] In an optical imaging system provided with such a rod lens array 2, a compound image is formed by a plurality 
of rod lenses 1 on the Image plane 4, as is shown in Fig. 5, so that it is convenient to introduce a dimensionless factor 
describing the amount of overlap, that is, the so-called "overlapping degree". This overlapping degree m is expressed 

30 by the following equation (Eq. 8);: 

(Eq. 8) m=Xo/2R 

35 wherein Xq is the image radius (field of view) that a single rod lens 1 projects onto the image plane 4 and is 

defined as Xo = -ro / cos (Zq n /P). 

[0048] Fig. 6 shows the relationship between the overlapping degree m and the irregularity of the quantity of light 
when the overiapping degree m is varied in the range of 0.90 to 1 .20. 

[0049] The irregularity of the quantity of light when a dislocation between a sensor and an optical axis of an entire 
40 rod lens an-ay 2 occurs can be calculated by the use of the following equation (Eq. 9) representing the distribution of 
the quantity of light in the image radius (field of view) Xq: 

(Eq.9) E(X) = Eo.{1-(X/Xo)V-® 

45 

wherein Eo denotes a quantity of light on the optical axis, X denotes a distance from the optical axis, and E(X) 
denotes a quantity of light when the distance from the optical axis is X. 

[0050] As shown in Fig. 6, for example, when m is 1 .13, the in^egularity of the quantity of light is minimized on the 
central axis (reference 6 in Fig. 9). However, when the dislocation between the sensor and the optical axis of the entire 

50 rod lens array 2 occurs, the irregularity of the quantity of light is increased rapidly. On the other hand, when m is 0.94, 
the irregularity of the quantity of light on the central axis is somewhat large, however, the irregularity of the quantity of 
light remains relatively low even if the dislocation between the sensor and the optical axis of the entire rod lens array 
2 becomes large. That is, when m is 0.94, the in-egularity of the quantity of light is not affected significantly by the 
dislocation between the sensor and the optical axis of the entire rod lens array 2. 

55 [0051] The acceptable in^eguiarity of the quantity of light in a scanning device is at most 20%. In some applications 
of use, it is desirably 1 5 % or less. Furthermore, it is desirable that the margin for the amount of the dislocation occurring 
during the assembly is secured to be about ± 0.16mm. In order to satisfy this requirement, in the case of the rod lens 
array of R = 0.5mm, it is desirable that the acceptable range for the amount of the dislocation is secured to be 0.3R or 
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more. 

[0052] Therefore, as shown in Fig. 6. when the irregularity of the quantity of light is actually negligible, that is, "when 
the amount of the dislocation is 0, the in'egularity of the quantity of light is 1 5% or less, when the amount of the dislocation 
is in the range of 0.3R or less, the irregularity of the quantity of light is 20% or less." the overlapping degree m is 
5 preferably in the range of 0.91 ^ m ^ 1 .01 . Furthenmore, "when the amount of the dislocation Is the range of 0.3R or 
less, the in-egularity of the quantity of light is approximately 1 5% or less," the overlapping degree m is preferably In the 
range of 0.93 ^ m ^ 0.97. 

[0053] The values of higher-order coefficients of the refractive index distribution h4. hg, hg, ... of 4th-order or more 
affect the spherical aberration and field curvature. Therefore, it is necessary to select the values of h4. hg, hg, ... in 

10 accordance with the conditions of the rod lens array so that the average resolution power is optimum. 

[0054] In the above-mentioned configuration, as shown In Fig. 7A. it is desirable that a transparent substrate (cover 
glass) 5 having the parallel plane surface is arranged in a manner that the manuscript plane 3 is located at the front 
focal position of the rod lens array 2. According to such a configuration, the manuscript plane 3 can be set at the front 
focal position just by putting the manuscript on the surface of the transparent substrate 5. Furthennore, in this case, 

IS as shown in Fig. 7B, it is desirable that the parallel plane transparent substrate (cover glass) 5 is brought Into contact 
with the lens surface of the rod lens an-ay 2. This can be easily realized by adjusting the thickness of the transparent 
substrate (cover glass) 5. Accordingto such a configuration, the adjustment of the distance between the rod lens array 
2 and the front focal position can be simplified, which makes the assembly of the optical imaging system cheaper. 

20 First Example 

[0055] Hereinafter, the present invention is described in detail with reference to the specific Examples. The following 
Examples and Comparative Examples use a rod lens array in which a plurality of columnar rod lenses having a refractive 
Index distribution in the radial direction are an-anged in two rows for one-to-one imaging with their optical axes in parallel 
25 to each other. 

[0056] The brightness and irregularity of the quantity of light were calculated by the use of the equation of the dis- 
tribution of the quantity of light for a single rod lens (see Eq. 9 mentioned above). Furthennore. the modulation transfer 
function (MTF) values were calculated by the use of the optical design software "Oslo Six" by Sinclair Optics (US). 
[0057] In Example 1, the distance 2R between the optical axes of neighboring rod lenses is 1.085 mm. and the 

30 overlapping degree m is 0.930. Specific set values are shown in Table 1 , and the in-egularity of the quantity of light 
when the amount of the dislocation is AX Is shown in Fig. 8. The MTF values shown in Table 1 are for a 12 line — pairs/ 
mm pattern and a 24 line — pairs/mm pattern. The values are calculated values in the directions of X and Y at the point 
of A shown in Fig. 9. As shown in Fig. 8, when the amount of the dislocation AX is within the range of 0.28R (corre- 
sponding to 0.15 mm) or less, the in-egularity of the quantity of light is a practical value of 15% or less. 

35 [0058] In Example 2, the distance 2R between the optical axes of neighboring rod lenses is 0.300 mm, and the 
overlapping degree m is 0.960. Specific set values are shown in Table 1 , and the in-egularity of the quantity of light 
when the amount of the dislocation Is AX is shown in Fig. 8. As shown In Fig. 8, when the amount of the dislocation 
AX is within the range of 0.35R (corresponding to 0.053 mm) or less, the irregularity of the quantity of light Is a practical 
value of 15% or less. Since the acceptable range of amount of the dislocation is in proportion to R, it Is necessary to 

40 enhance the assembly precision in Example 2 more than Example 1 wherein R is large. 

[0059] In Example 3, the distance 2R between the optical axes of neighboring rod lenses is 0.900 mm, and the 
overlapping degree m is 0.910. Specific set values are shown in Table 2, and the In-egularlty of the quantity of light 
when amount of the dislocation is AX Is shown in Fig. 8. As shown in Fig. 8. when amount of the dislocation AX is within 
the range of 0.20R (corresponding to 0.09 mm) or less, the In-egularity of the quantity of light is a practical value of 

45 15% or less. 

[0060] In Example 4, the distance 2R between the optical axes of neighboring rod lenses Is 0.100 mm, and the 
overlapping degree m is 0.970. Specific set values are shown in Table 2, and the Inregularity of the quantity of light 
when the amount of the dislocation is AX is shown In Fig. 8. As shown In Fig. 8, when the amount of the dislocation 
AX is within the range of 0.40R (corresponding to 0.02 mm) or less, the irregularity of the quantity of light Is a practical 
50 value of 1 6% or less. 

[0061] In Example 6, the distance 2R between the optical axes of neighboring rod lenses is 0.600 mm, and the 
overlapping degree m Is 1.010. Specific set values are shown In Table 3, and the in-egularity of the quantity of light 
when the amount of the dislocation is AX is shown In Fig. 8. As shown In Fig. 8, even if tl^e amount of the dislocation 
AX is 0, the irregularity of the quantity of light is more than 15%. However, in the wide range wherein the amount of 
55 the dislocation AX is within the range of 0.50R (corresponding to 0.1 5 mm) or less, the irregularity of the quantity of 
light is 20% or less. This may be practical value depending upon the applications of use. 
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Table 1 



10 



30 





Example 1 


Example 2 


Design wavelength 


570 nm 


570 nm 


Center refractive index n© 


1.614 


1.639 


Coefficient of refractive index distribution g 


0.23262 mm-i 


1.56181 mm-^ 


Coefficient of refractive index distribution h4 


+1 


+1 


Coefficient of refractive index distribution hg 


0 


-4 


Effective radius of lens Tq 


0.5425 mm 


0.150 mm 


no • P • To 


0.20368 


0.38397 


Length of lens Zq 


18.386 mm 


2.713 mm 




0.6807 


0.6744 


uiSiRnce DcivvGen lensBs 








1 .00 


1 .00 


Distance between lens and image L 


4.1 768 mm 4.1 768 mm 


0.6403 mm 0.6403 mm 


Radius of field of view Xq 


1 .0090 mm 


0.28801 mm 


Overlapping degree m 


0.930 


0.960 


MTF(%) 12-1p/mm 






Y-direction 


94.4% 


96.7% 


X-direction 


95.7% 


97.0% 


MTF(%) 24-1 p/mm 






Y-direction 


82.4% 


87.5% 


X-direction 


84.8% 


88.7% 



Table 2 





Example 3 


Example 4 


Design wavelength 


570 nm 


570 nm 


Center refractive index nQ 


1 .450 


1.700 


Coefficient of refractive index distribution g 


0.15000 mm-1 


3.50000 mm-** 


Coefficient of refractive Index distribution h4 


0 


0 


Coefficient of refractive index distribution hg 


0 


0 


Effective radius of Ions ro 


0.4000 mm 


0.050 mm 


Ho • 9 • Tq 


0.0870 


0.2975 


Length of lens Zg 


27.75 mm 


1 .207 mm 




0.6625 


0.6724 


Distance between lenses 2R 


0.900 mm 


0.100 mm 




0.889 


1.00 


Distance between lens and image L 


8.2108 mm 


0.2795 mm 


Radius of field of view Xq 


0.8187 mm 


0.09702 mm 


Overlapping degree m 


0.910 


0.970 


MTF{%) 12-1p/mm 
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Table 2 (continued) 





Example 3 


Example 4 


Y-direction 


88.2% 


95.8% 


X-direction 


87.2% 


95.2% 


MTF(%)24-1p/mm 






Y-dlrection 


77.1% 


84.1% 


X-direction 


77.4% 


82.2% 



Table 3 





Example 5 


Design wavelength 


570 nm 




1 .800 


ooeTTicieni ot reTraciive inaex aisinDuiion g 


1 .UvlU iTllT 1 


Coefficient of refractive index distribution 114 


+ 1 


Coefficient of refractive index distribution hg 


-2 


Effective radius of lens ro 


0.270 mm 


no • g • ro 


0.468 


Length of lens Zq 


4.065 mm 


2o/P - - ; 


0.6470 


Distance between lenses 2R 


0.600 mm 


ro/R 


0.900 


Distance between lens and image L 


1.1165 mm 


Radius of field of view Xq 


0.60610mm 


Overlapping degree m 


1.010 


MTF(%) 12-1p/mm 




Y-direction 


61 .9% 


X-direction 


65,9% 


MTF(%) 24-1p/mm 




Y-direction 


36.0% 


X-direction 


35.3% 



[0062] In Comparative Example 1 , the rod lenses having the same optical characteristics as Example 1 were used, 
and the overlapping degree m was set to be 1 .43. Furthermore, In Comparative Example 2, the rod lenses having the 
same optical characteristics as Example 2 were used, and the overlapping degree m was set to be 1 .50. Specific values 
of Comparative Examples 1 and 2 are shown in Table 4. 



Table 4 





Co. Ex. 1 


Co. Ex. 2 


Design wavelength 


570 nm 


570 nm 


Center refractive index no 


1.614 


1.639 


Coefficient of refractive index 
distribution g 


0.23262 mm-i 


1.56181 mm-i 


Coefficient of refractive index 
distribution h4 


+1 


+1 



a 
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Table 4 (continued) 





Co. Ex. 1 


Co. Ex. 2 


Coefficient of refractive index 
distribution hg 


0 


-4 


Effective radius of lens Tq 


0.5425 mm 


0.150 mm 


no • g • ro 


0.20368 


0.38397 


Length of lens Zq 


16.576 mm 


2.447 mm 




0.6137 


0.6083 


Distance between lenses 2R 


1 .086 mm 


0.300 mm 




1 .00 


1.00 


Distance between lens and image L 


7.1379 mm 7,1379 mm 


1.1041 mm 1.1041 mm 


Radius of field of view Xq 


1 .551 8 mm 


0.44969 mm 


Overlapping degree m 


1.430 


1.500 


MTF(%) 12-1p/mm 






Y-direction 


82.7% 


93.5% 


X-direction 


82.3% 


94.. 0% 


MTF(%) 12-1p/mm 

Y-direction 

X-direction 


59.7% 
56.1% 


76.7% 
77.9% . 


Brightness 


75.4 (with respect to 1 00 of Example 
1) 


73.6 (with respect to 1 00 of Example 
2) 


Co. Ex. = Comparative Example 
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[0063] "Brightness" in Table 4 refers to an average quantity of light in the direction of the Y-axis in a case where no 
dislocation occurs. The brightness of Examples to which they respectively correspond are defined as 100. 
[0064] in Comparative Examples 1 and 2. the brightness and MTF value are inferior to the corresponding Examples 
1 and 2. This shows that the quantity of light and resolving power can be improved according to the present Invention. 



(Second Embodiment) 
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[0065] In this embodiment, by setting the overlapping degree m in the range of 0.91 ^ m ^ 1 .01 , the average quantity 
of light is increased as compared with those of conventional art, and the irregularity of the quantity of light is reduced 
by masking the lens surface of the rod lens array. 

[0066] Fig. 10 is a plan view showing a rod lens anray in a second embodiment according to the present Invention. 
As shown in Fig. 10, a shading mask 7 having an approximately rectangular shaped opening portion 7a opening along 
the longitudinal direction of the rod lens array 2 is arranged on one side of the rod lens array 2. The shading mask 7 
having such a configuration is preferable because it is simple and easy to be set. 

[0067] An example of the method for setting the shading mask 7 includes the following methods: (1) a method of 
attaching a metal or plastic thin plate having a slit to the lens surface of the rod lens array 2; (2) a method of directly 
printing the shading portion of the lens surface of the rod lens array 2 with black ink, etc; and (3) a method of providing 
a frame In which the rod lens array 2 is incorporated as a component with a function of a shading mask, and the like. 
[0068] It is desirable that the opening portion 7a of the shading mask 7 Is symmetric to the central axis In the longi- 
tudinal direction of the lens surface of the rod lens array 2. Furthemnore, it is desirable that the half width W of the 
opening portion 7a of the shading mask 7 is in the range of (V3 / 2) R + 0.1 rg ^ W ^ (V 3 / 2) R -i- 0.6 rQ, wherein Tq 
denotes a radius of the portion functioning as a lens of the rod lenses 1 . When the half width W of the opening portion 
7a of the shading mask 7 is less than (>/3 / 2) R + 0.1 rQ, the quantity of light is much lowered. When the half width W 
is more than (>/3 / 2) R + 0.6 rQ, improvement of the irregularity of the quantity of light is hardly realized. 
[0069] The effect of the shading mask 7 particularly is increased when the irregularity of the quantity of light is rela- 
tively small even if the shading mask 7 is not provided, that is, the overlapping degree m is in the range of 0.91 ^ m 
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Second Example 

roOTOl Hereinafter the present invention is described in detail with reference to the specific Examples. The following 
Examples and Comparative Examples use a rod lens array 2 in which a plurality of columnar rod lenses 1 having a 
refractive Index distribution in the radial direction are arranged in two rows for one-to-one imaging with the.r optical 
axes 1a in parallel to each other. * 
[0071] In Examples and Comparative Examples, the distance 2R between the optical axes of neighbonng rod lenses 
is 1 .000 mm, and the overlapping degree m is 0.940. Specific set values are shown in Table 5. 

Table 5 





Example 6,7,8,9, Co. Ex. 3 


Design wavelength 


570 nm 


Center refractive index no 


1.600 


Coefficient of refractive index distribution g 


0.2618 mm-'' 


Coefficient of refractive index distribution h4 


+1 


Coefficient of refractive Index distribution hg 


-10 


Effective radius of lenses ro 


0.500 mm 


no • 9 • ^0 


0.20944 


Length of lens 


16.285 mm 


Zo/P 


0.678 


Distance between lenses 2R 


1 .000 mm 


ro/R 


1.00 


Distance between lens and image L 


3.800 mm 


Radius of field of view 


0.940 mm 


Overlapping degree m 


0.940 



40 



45 



50 



100721 In Example 6. the half width W of the opening portion 7a of the shading mask 7 is expressed by W = 1 .3R - 
N3 / 2) R + 0.434 ro. In Example 7. W = 1 .1 R = (V 3/2) R + 0.234 ro; in Example 8. W = 1 .466R = (V3/2) R -^ 0.600 ro; 
in Example 9 W = 0.966R = (V3 / 2) R + 0.1 00 Tq. In Comparative Example 3, the shading mask 7 is not provided. The 
irregularity of the quantity of light in each case was calculated when the dislocation does not occur and when amount 
of the dislocation is AX = 0.3R. The calculated results are shown In Tables 6 and 7 and Figs. 11 , 12, 13 and 14. 

Table 6 





Co. Ex.3 (without mask) 


Example 6 


ExampI 


e7 


Amount of dislocation AX 


0 


0.3R 


0 


0.3R 


0 


0.3R 


Average quantity of light 


100.00 


97.03 


97.94 


92.79 


87.02 


84.33 


Maximum quantity of light 


106.52 


101 .80 


104.44 


96.82 


92.76 


88.32 


Minimum quantity of light 


95.74 


89.34 


93.69 


86.31 


83,24 


79.49 


Irregularity of quantity of light (%) 


11.26 


13.95 


11.47 


12.18 


11.44 


11.11 



55 



Table 7 





Example 8 (without mask) 


ExampI 


e9 


Amount of dislocation AX 


0 


0.3R 


0 


0.3R 


Average quantity of light 


100.00 


96.56 


78.16 


74.84 
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Table 7 (continued) 
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Example 8 (without mask) 


Example 9 


Maximum quantity of light 


106.52 


101 .26 


83.18 


78.11 


Minimum quantity of light 


95.74 


88.98 


74.77 


71.26 


Irregularity of quantity of light (%) 


11.26 


13.80 


11.24 


9.61 



[0073] The quantity of light is evaluated by the use of the optical design software "Oslo Six" by Sinclair Optics (US). 
The number of light beams reaching the image surface emitted from the light source is defined as 'brightness." Fur- 
thermore , the average quantity of light (=1 00) in Comparative Example 3 without dislocation was defined as the standard 
of the quantity of light. 

[0074] As shown in the above Tables 6, and 7 and in Figs. 11, 12. 13, and 14, the irregularity of the quantity of light 
at amount of dislocation AX of 0.3R reaches 13.95% in Comparative Example 3. However, in Examples 6 to 9, the 
irregularity of the quantity of light was improved by 12.18%, 11.11%, 13.80% and 9.61%. respectively. On the other 
hand, when no dislocation occurs, the irregularity of the quantity of light almost is not changed even if the shading 
mask 7 is provided. 

[0075] The deterioration of the average quantity of light with respect to the case where the shading mask is not 
provided (Comparative Example 3) is, 2% in Example 6, 13% in Example 7. 0% in Example 8 and 22% in Example 9 
(in any of these cases, no dislocation occurs). It is effective to the application of use where the irregularity of the quantity 
of light is smaller than the average quantity of light. 

[0076] In the Second Embodiment of the present invention, the values of R and m are not limited to the values shown 
in the Examples. It is desirable that the values of R and m are within the same range as those of the First Embodiment. 

Claims 

1. An optical imaging system for focusing light from a manuscript plane onto an image plane, comprising: 

a rod lens array having a plurality of rod lenses with a refractive index distribution in a radial direction that are 
arranged in two rows so that their optical axes are in parallel to each other; 

wherein an overiapping degree m expressed by the following equation (Eq. 1 ) is in a range of 0.91 ^ m ^ 1 .01 ; 



35 



(Eq-1) 



m = Xq/2R 
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3. 
4. 



wherein 2R denotes a distance between the optical axes of neighboring rod lenses and Xq denotes an image 
radius that the rod lenses project onto the image plane. 

The optical imaging system according to claim 1 , wherein the overiapping degree m is In the range of 0.93 ^ m 
^ 0.97. 

The optical imaging system according to claim 1 , wherein R Is In the range of 0.05 mm ^ R ^ 0.60 mm. 

The optical imaging system according to claim 1 , wherein a radius rg of a portion functioning as a lens of the rod 
lenses is in the range of 0.50R ^ ro ^ 1 .OR. 



5. The optical imaging system according to claim 1 . wherein a shading mask having an approximately rectangular 
shaped opening portion opening along the longitudinal direction of the rod lens array is arranged on at least one 
side of the rod lens array. 

6. The optical Imaging system according to claim 5. wherein the opening portion of the shading mask Is symmetric 
to the central axis in the longitudinal direction of the lens surface of the rod lens array. 

7. The optical imaging system according to claim 6, wherein a half width W of the opening portion of the shading 
mask is in the range of (^3 / 2) R + 0.1 r^ ^ W S (V3 / 2) R + 0.6 rg, wherein rg denotes a radius of a portion 
functioning as a lens of the rod lenses. 



11 



BNSOOCIO <EP 1111902A2 I > 



EP1 111 902A2 

8. The optical imaging system according to claim 1. wherein the refractive index distribution of the rod lenses is 
expressed by the following equation (Eq. 2); 

(Eq. 2) n(r)* = n,,^ • {1 - (9 • r)^ + h^ • (g • r)* + hg • (g • r)®+ • (g • r)*+-} 

5 

Wherein r denotes a radial distance from an optical axis of the rod lenses, no denotes a refractive index at the 
optical axis of the rod lenses, and g. h^. hg and hg denote coefficients of the refractive Index distribution. 

10 9. The optical imaging system according to claim 8. wherein the refractive index no at the optical axis of the rod lenses 
is in the range of 1 .4 ^ no ^ 1 8. 

10 The optical Imaging system according to claim 8. wherein a product no • g • Tq is in the range of 0.05 ^ no • 9 • To 
^ 0.50. wherein ro denotes a radius of a portion functioning as a lens of the rod lenses. 

11 The optical imaging system according to claim 8. wherein Zo / P is in the range of 0.5 < Zo / P < 1 -0, wherein Zo 
' denotes a length of the rod lens and P = 2 /g denotes a one-pitch length of the rod lenses. 

12 The optical imaging system according to claim 1 . wherein a parallel plane transparent substrate is arranged so 
20 that the manuscript plane is positioned at a front focal position of the rod lens array. 

13. The optical imaging system according to claim 12. wherein the parallel plane transparent substrate is in contact 
with the lens surface of the rod lens array 

25 
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FIG. 1 
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FIG. 5 
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